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This application claims the benefit of United States Provisional 
Application serial number 60/461,689, filed April 8, 2003, titled ANTENNA 
5 ARRAYS AND METHODS OF MAKING THE SAME. 

FIELD OF THE INVENTION 

The present invention relates to antenna arrays and, more particularly, 
to omni*directional antenqa arrays. 

BACKGROUND OF THE INVENTION 

10 Radio frequency antennas are often designed as arrays to provide 

sufficient gain. Types of omni-directional antennas include series fed arrays, 
co-linear coaxial (COCO) antenna, and the like. The power feed network 
associated with antenna arrays, however, is often complex. For example, 
linear arrays typically use a distributed feed network/power divider for the 

15 power feed. This type of power feed network is complex because antenna 
pattern and gain depend on physical and network parameters making it very 
difficult to achieve correct phase and amplitude to get maximum gain on 
azimuth and minimize side lobes. Some physical parameters include the 
number of elements and their spacing. Some feed network parameters include 

20 the phase and amplitude of the power signal at each of the antenna feeds as 
well as the impedance of the feed network delivering the power. Moreover, 
array antennas of this type are frequently not readily scalable, are difficult to 
manufacture, are fragile, and are limited in performance by the accumulation 
of manufacturing errors in the individual components. 

25 Thus, it would be desirous to provide an omni-directional antenna that 

had lower errors, was less fragile, and had increased scalability, but retained 
all the advantages of the simple COCO antenna and none of its disadvantages, 



such as, for example, the requirement to reverse the inner and outer conductor 
of a coaxial transmission line and it's fixed driving point impedance, which 
generally requires a matching network. 

SUMMARY OF THE INVENTION 

5 To attain the advantages of and in accordance with the purpose of the 

present invention, an omni-directional planar array antenna is provided. The 
omni-directional planar array antenna comprises a substrate having a first and 
second side. The first side includes, in an alternating pattern, a plurality of 
first side narrow elements and a plurality of first side wide elements. The 

10 second side includes, in an alternating pattern, a plurality of second side wide 
elements and a plurality of second side narrow elements. 

The foregoing and other features, utilities and advantages of the 
invention will be apparent from the following more particular description of a 
preferred embodiment of the invention as illustrated in the accompanying 

15 drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other objects and advantages of the present invention 
will be apparent upon consideration of the following detailed description, 
taken in conjunction with the accompanying drawings, in which like reference 
20 characters refer to like parts throughout, and in which: 

FIG. 1 is a top side plan view of a omni-directional linear array 
antenna in accordance with the present invention; 

FIG. 2 is a bottom side plan view of the omni-directional linear array 
antenna shown in FIG 1; 
25 FIG. 3 is a side elevation view of the omni-directional linear array 

antenna shown in FIGS. 1 and2; 

FIG. 4 shows the top side plan view of FIG. 1 with the bottom side 
plan view of FIG. 2 shown in phantom; 

FIG. 5 is a flowchart illustrative of a method of making the present 
30 invention consistent with an embodiment thereof; 
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FIG. 6 is a flowchart illustrative of another method of making the 
present invention consistent with another embodiment thereof; 

FIG. 7 is an diagrammatic view of the antenna shown in FIGS. 1-3 
including electromagnetic field representations; 
5 FIG. 8 is a flowchart 800 of another method of manufacturing an 

antenna consistent with the present invention; 

FIG. 9 is shows an antenna 900 having multiple widths consistent with 
an embodiment of the present invention; and 

FIG. 10 is a diagrammatic representation of radiation patterns 
10 associated with the antenna of FIG. 9. 

DETAILED DESCRIPTION 

FIGS. 1 and 2 and the following paragraphs describe some 
embodiments of the present invention. Like reference characters are used 
wherever possible to identify like components or blocks to simplify the 

15 description of the various subcomponents described herein. More 

particularly, the present invention is described in relation to a co-linear 
coaxial antenna, however, one of ordinary skill in the art will understand 
other antenna arrays are possible without departing from the spirit and scope 
of the present invention. 

20 Referring to FIGS. 1 and 2, an omni-directional linear array antenna 

100 exemplary of the present invention is shown. FIG. 1 shows a top side 
plan view of antenna 100. FIG. 2 shows a bottom side plan view of antenna 
100. 

R eferring first to FIG. 1, a substrate 102 is shown. While shown as 
25 having a generally rectangular shape, substrate 102 does not need to be 

rectangular, but could be other shapes as desired, such as a random shape, a 
square shape, a circular shape, and elliptical shape, or the like. Substrate 102 
provides, among other functions, separation between conductors (as described 
below). Instead of a solid substrate, however, substrate 102 could be 
30 comprised mostly of an air (or other gas) or vacuum gap with one or more 
dielectric posts or columns to provide some support to maintain a separation 
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between conductors, as will be explained further below. Also, as explained 
below, substrate 102 is largely optional as shorts or other conductive 
connections between the conductors could be used as support elements instead 
of a substrate. In any event, substrate 102 has a first or top side 104. 
5 Residing on first side 104 is a conducting strip 106. As shown, conducting 
strip 106 has at least one feed element 108, at least one terminating element 
1 10, and at least one narrow element 112. Narrow element 1 12 has a length 
L, which is generally about one-half wavelength at the antenna operating 
frequency when the substrate properties, such as the dielectric properties, are 

10 taken into account. The narrow elements generally have a width WN. Feed 
element 108 and terminating element 110 have an effective length of about 
one-quarter wavelength at the antenna operating frequency when the substrate 
properties are taken into account. 

Interspersed between feed element 108, each first side narrow element 

15 112, and terminating element 110 exist first side wide elements 114 having 
first side outside edges 1 16. Wide elements 1 14 also have a length L. Wide 
elements 1 14 have a width of WL. The width of the wide elements changes in 
relation to the width of the narrow elements to produce a desired driving point 
impedance, usually 50 ohms so that no matching network is required. For 

20 example, width WL may be 5WN. More generally, the width of the wide 
elements is larger than the width of the narrow elements in order for the 
antenna to operate. The widths (both the wide element width and the narrow 
element width) are changed to produce a desired aperture distribution to 
control side lobe level. Generally, the width of wide elements 114 should be 

25 about wide enough so that they can act as the "ground plane" portion of 
microstrip transmission line corresponding to the approximately narrow 
element, which is typically 50 ohm, but not necessarily, on the opposite side. 
Viewed another way, the wide section should be wide enough to present a 
significant impedance change. 

30 While conducting strip 106 is shown with one narrow element 1 12 and 

two wide elements 114, more or less narrow elements 1 12 and wide elements 
1 14 are possible. Notice that the widths of the wide elements and narrow 



5 



1 



elements are shown consistent in the figures for convenience, but the widths 
do not need to be consistent for all the wide and/or narrow elements over the 
length of the antenna 100. For example, one of the wide elements 1 14 may 
have a width of WL and the other wide element 1 14 may have widths of 
5 WL+WN, 5WN, WL, or the like, for example. 

Where the widths of the narrow and wide elements control, in part, the 
driving point impedance, the parameter L controls, in part, the design 
frequency of operation and the number of sections determines the gain of the 
antenna. In addition, if the width of the wide elements varies among the 

10 different sections, the antenna pattern shape can be varied in some desirable 
ways, such as to minimize side lobes or the like. 

Feed element 108 has a feed hole 118 through which a feed wire 120 
passes. Feed wire 120 is attached to conductor strip 106 to supply power to 
conducting strip 106. Feed element 108 also has a shorting via 122 with a 

15 short 124. Shorting via 122 and short 124 could be a single conductive 
element. Termination element 1 10 has a shorting via 126 and a short 128. 

Referring now to FIG. 2, substrate 102 is shown. Substrate 102 has a 
second side 204 with a conducting strip 206. The distance d (FIG. 3) between 
first side 104 and second side 204 should be electrically thin. The thickness 

20 of the substrate will have a second order effect on the antenna parameters, but 
the thickness is electrically thin compared to a free space wavelength. 
Moreover, electrically thin is a thickness that corresponds to the case where 
the narrow sections of width are transmission line segments, such as the 50 
ohm transmission line impedance of the present invention. Second side 204 

25 has second side wide elements 214 and second side narrow elements 212. 
Second side wide elements 214 have second side outside edges 216. Second 
side wide elements 214 are aligned substantially below first side narrow 
elements 112. Similarly, second side narrow elements 212 are aligned 
substantially below first side wide elements 1 14. The term below is used in a 

30 relative sense and below could actually be left of, right of, or above 
depending on the configuration of antenna 100. 
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Shorting via 122 resides in one second side wide element 214 and 
shorting via 126 resides in another second side wide element 214. Wide 
elements containing shorting vias 122 and 126 are aligned substantially below 
feed element 108 and terminating element 110, respectively. Short 124 and 
5 short 128 provide an electrical short between feed element 108 and 

corresponding second side wide element 214f, and an electrical short between 
terminating element 1 10 and corresponding second side wide element 214t. 
Antenna 100 also has a power feed hole 118 on second side 204. Power feed 
hole 118 allows the feed wire 120 to pass and supply power to conductive 

10 strip 106. Conductive strip 206 would be correspondingly connected to a 
ground or shield. Generally, feed wire 120 and power feed hole 118 will be 
located substantially aligned below a transition 220 between feed element 108 
and first side wide element 114. 

Referring now to FIG. 4, it can be seen that second side wide elements 

15 214 are substantially aligned with feed element 108, first side narrow 
elements 1 12, and terminating element 1 10. Similarly, first side wide 
elements 1 14 are substantially aligned with second side narrow elements 212. 
This arrangement allows via 122 and short 124 to short feed element 108 to 
aligned second side wide element 214 and allows via 126 and short 128 to 

20 short terminating element 1 10 to aligned second side wide element 214. 

Power feed 120 is connected to a conventional antenna power supply using, 
for example, a conventional coaxial cable connection, connectors, or 
transmission lines, but any conventional power feed could be used. Further, 
while shown with one first side narrow element 1 12 and two first side wide 

25 elements 1 14, and three second side wide elements 214 and two second side 
narrow elements 1 12, it is possible to increase or decrease the gain of antenna 
100 by adding or removing narrow elements and wide elements. Further, it 
would be possible to have tape pre-made with conductive trace patterns 
consistent with the descriptions herein. Sections of this tape could be 

30 measured off and soldered, welded, adhered, or the like to a substrate in 

predetermined amounts to provide particular gains, where one section of tape 
would be applied to one side of the substrate, and another section of tape 
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would be applied to the opposite side of the substrate, with the opposite 
sections aligned as shown in FIG. 4. The necessary connections would then 
be made using conventional means. Alternatively, tape could be prepared 
with the alternating conductive sections already on both sides of the tape, 
5 which would then be cut to the desired length for the required gain and 
applied to a substrate for mechanical support and to facilitate making the 
necessary connections. It is evident from the foregoing discussion that tapes 
of this nature could be prepared for various desired frequencies, such as 2.4 
GHz for Wireless Lan (WiFi) applications, 860 MHz for cellular 

10 communication applications, and the like. 

As mentioned above, in yet another embodiment, the conductive 
sections could be fashioned from cut or stamped metal. In this embodiment, 
it would be possible to separate the two conductive strips mechanically, such 
as by dielectric posts or by the shorts 124 and 126, so that the space between 

15 the alternating sides was comprised mainly of air, instead of a rigid, dielectric 
substrate as described above. This embodiment might be particularly useful 
for high power applications, such as cellular communication base stations or 
high power radio (e.g., FM or the like) broadcast towers. 

As one of ordinary skill in the art would now recognize, the narrow 

20 elements 1 12 and 212 simulate transmission lines. Edges 1 16 and 216 of the 
wide elements 1 14 and 214 act as radiating elements. 

Although various lengths are possible, it is believed antenna 100 
operates optimally when feed element 108 and termination element 1 10 are 
designed with a length of Vi wavelength and first side narrow elements 1 12, 

25 first side wide elements 114, second side narrow elements 212, and second 
side wide elements 214 are designed with a length of I/2 wavelength. An 
antenna using these section lengths, and when narrow elements simulate a SO 
ohm microstrip transmission line, the currents (source of radiation) and the 
electric field may be as shown in FIG. 7. The currents on a microstrip 

30 transmission line cancel and therefore do not radiate. If the microstrip line 
were cut and flipped at each half-wavelength segment, the current on the 
"ground planes" all line up as required for an omni-directional antenna. The 



currents at the edge of each of the wide sections radiate to create the antenna. 
A short at either end is one-quarter wavelength long causing a reflected wave 
to be in phase at the first wide to narrow discontinuity causing the resonant 
structure to have currents on each wide section to remain in line as required to 
5 create an omni-directional antenna. FIG. 7 is an expansion of FIG. 3 with 
thickness d having sides 104 and 204 with the electromagnetics of the antenna 
illustrated. While the shown antenna 100 does not require a matching circuit. 
As one of skill in the art will recognize on reading the disclosure, however, 
alternative designs may require the installation of a matching network. 
10 Adjusting the widths of the individual wide elements alters the antenna 
pattern. Also, varying the lengths of the individual elements will alter the 
patterns. 

Some advantages of this new antenna include that it is easier to 
manufacture than other designs, it is more scalable across frequency than 

15 other designs, it is more compact than other designs, and it is a relatively low 
cost compared to conventional, comparable omni-directional antennas. 
Moreover, when using a uniform series of transmission lines and alternating 
radiating sections, the antenna may be adapted to selectively tune sections of 
the antenna to different frequencies. This would be useful in broadband 

20 applications, for example, where tuning the antenna for a first frequency and 
then a second frequency slightly off the first frequency would allow 
broadband application. Even without the off-set tuning, the pattern, as shown 
in FIGS. 1-3, for example, allow possible wider frequency use than other 
conventional, comparable antenna making it possible to operate antenna 100, 

25 for example, as a tri-band antenna in, for example, 802.1 la and Hyperlan 

regions. The present invention antenna accepts an unbalanced feed (such as a 
coaxial cable) and therefore does not require a balun like other conventional 
designs. 

Referring to FIG. 5, a method 500 of making antenna 100 is described. 
30 First, using an injection mold to form substrate 102 out of a non-platable 
plastic, step 502. A second shot of platable plastic would be molded onto 
substrate 102, step 504. Substrate 102 would then be plated with a conductive 
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material, such as copper, step 506. Because the plating will only adhere to 
the platable plastic, antenna 100 can be formed. Alternative methods of 
making antenna 100 include etching, metal foil and stamping, embossing, and 
the like. 

5 Referring to FIG. 6, another method 600 of making antenna 100 is 

described. First, pre-formed conductor tape comprising alternating narrow 
and wide sections is provided, step 602. The tape is pre-formed conductor 
tape is cut into a first conductor and a second conductor, step 604. A 
substrate is than provided, step 606. The first conductor is coupled to a first 

10 side of the substrate, step 608. The second conductor is coupled to the second 
side of the substrate, step 610. Finally, feed and short vias are provided as 
necessary, step 612. 

Referring to FIG. 8, still another method 800 of making antenna 100 is 
described. First, pre-formed conductive strips are made, step 802. The 

15 preformed conductive strips are aligned as described above, step 804. 

Finally, feed and shorts are added to the arrangement, step 806, which may 
also provide separation. Optionally, additional dielectric post (or a dielectric 
substrate) supports may be arranged for structural support, step 808. 

As mentioned above, antenna 100 may have various narrow elements 

20 1 12, 212 and various wide elements 1 14, 214 with widths along the length of 
the conductors. FIG. 9 shows an antenna 900 with alternating widths of Wl, 
W2, W3, and W4 as shown. FIG. 10 shows a radiation pattern 1000 
associated with antenna 900. 

While the invention has been particularly shown and described with 

25 reference to a preferred embodiment thereof, it will be understood by those 
skilled in the art that various other changes in the form and details may be 
made without departing from the spirit and scope of the invention. 
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